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a communication from Canada 


Ninety hvperactive children, 22 children with learning disability and 
a ig 


croht cmotional-inattentive childron were tested for allergy 


to 43 food 


curracrs using the in vitro radivallergosorbent test (RAST). Fifty-two 
percent of all children exhibited allergy to one or more of the foods 
tested Within the hyperactive group a@ statistically significant association 
was found between the munther of allergies and teachers’ (Conners) 
seores of hyperactivity. This association was statistically significant only 
mn those hyperactive children who-also had learning disability and 


sunimal brain dysfunction 


A statistically weak association was also 


fend hetveen aosmall number of children clinically diagnosable as 
Ay peractive and the number of allergies or total allergy scores. ob causal 


relationship betwe 
a primary diagnosis of hyperactivity is suspected. 


n food allergy and a small subgroup of children with 
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Introduction 


Vis peractivity ts usnatly preset in 10-18 af the child 
poouladion, being predominant in males.| The kibel of 
Tea ocractivity is Commonly attached to children who are 
chronivally inattentive, distractible and impulsive. 

His hecaming increasingly apparent that by peractivi- 
ty ts ctictogicatly complex. Among the many factors that 
have been implicated as contributing to hyperactivity are 
moctuded neurological complications following prenatal 


er perinatal trinen smoking during pregnancy. 
heceditary and congenital fictors.’ cavironmental 


pe tutants, particuiirly metals such as ead,’ artificial 
adtitwes in foods’? and 


exposure to fMuorescent 

hehis 
Asa clinical syndrome hyperactivity is often confused 
bythe uninitiated with Tearning disability and/or 


minimal brain dysfunction, However, careful studies of 
hyperactive children have revealed that while hyperac- 
teity, tearning disabitity and minimal brain dysfunetion 
muy co-exist, some hyperactive children do not have 
ether Iearning disabilities or minimal brain dysfunction. 


Purthermore, not all children with minimal brain 
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dysfunction or learning disability are hyperactive’ 

This study is part of a larger investigation aimed at 
the development of a rationale for t catment of the 
hyperactive child. The main objective of this study was 
to Investigate the presence, incidence and significance 
of food allergies in’ hyperactive children, including 
some with learning difficultics or minimal brain 
dysfunction. 

Anadditional aim of this study was to assess in these 
children the existence of potential patterns of 
interrclationships among the number and severity of 
food allergies and hyperactivity, learning disability 
and/or minimal brain dysfunction. A clear understand- 
ing of the existence of such interrelationships is 
obviously important in developing a rationale for the 
treatment of hyperactivity. 


Maitcrials and Methods 


Selection of Patients 2 
IIvperactive, learning disabled and emotional- 
Inattentive children were selected from a large pool of 
children referred to the Neuropsychology Laboratory of 
the Royal Ottawa Hospital for clinical evatuation. In 
addition to procuring extensive medical histaries, 
complete school records and anamnestic data were 
obtained on each child. Each child received a 6-8 hour 
neuropsychological examination which consisted of 1Q 
tests, academic achievement tests, specific tests of 
language and perceptual function and a standardized 
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motor and sensory evaluation.” 

the study included three groups: 900 hyperactive 
children; 22 children with learning disabilitics and 
retardation in academic skills by at least ane grade, but 
wha were not hyperactive, and cight children with 
restlessness and inattentiveness jn association with 
chronic anxiety states, also not hyperactive. A diagnosis 
of hyperactivity was based primarily on the ncuropsy- 
chological (clinical) ratings for cach child. In the final 
assessment of hyperactivity the pediatrician’s diagnosis 
and Conners Parent and Teacher Rating Scales with a 
cutoff score of > 50% were also used." The learning 
disability group were children of normal intelligence who 
were at feast one grade behind class placement in 
reading, spelling or arithmetic levels but disphryed no 
evidence of restlessness or distractibility characteristics 
ol hyperactive children. 

‘On the basis of the neuropsychological assessment. 
cach child was further classified with respect to evidence 
of brain dysfunction. Each child in the hyperactive and 
emational-inattentive groups was also examined for the 
presence of learning disabilitics (Table I) 


atHlergens 

'The food extracts of cheese (American cheddar), 
salmon, while fish, shrimp, lobster, beef, lamb. chicken. 
pork, turkcy, peas, peanuts, soybeans, almonds, walnuts, 
pecans, corn, barley, whole wheat, oats, ryc, buckwheat, 
lentil, chocolate/cocoa, cucumber, banana, orange, 
tomato, cauliflower, garlic, onions, ginger, mint mix, 
Cipioca, whole milk (bovine). cascin Chovine milk) and 
whey (bovine milk) extracts (1:1O w/v in SOT glycerin) 
were purchased from HoilistersSier Laboratories 
(Mississauga, Ontario. Canada). These extracts were 
dalyzed against double-distilled water (Cellnlose 
d alysis tubing, 4.8 nm pore diameter, bisher Scientific 
Co, Lid.) for two days, lyophilized and stored at 4°C 
uolil needed. The powder forms of #-lictalbumin (bovine 
milk), bovine sertm atbumin, ceg white (chicken), and 
eng volk (chicken), were obtained fren Sigma Chem 
tal Company (St. Louis, Missouri, CLS IAL) and 
Blactoglobulin (bovine milk) from TON) Pharmaccu- 
ticals, Inc. (Cleveland, Ohio). Ath antigen dilutions were 
made in phosphate buffered saline (PBS, O.1SM NaCl, 
RHAIPO,. and Na, TIPO, pit 7.2) 
“iergy Questionnaires 

Prior to blood collection, information pertaining ta 
allergics in the child and his/her family (siblings, 
pareats and grandparents) was obtained by dircetly 
interviewing the patient and his/her parents utilizing an 
itemized allergy questionnaire. The family of a child was 
considered positive for history of allergy if ene of the 
parcats or grandparents was clinically positive for enc 
or more of the following symptoms: asthma, hay fever, 
ecvema or hives. 


Flood Samples 
Blood was collected by venipuncture and allowed to 
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clot « 


nipht at 4°C, The scrum was collected by 
centrifugation, sterilized by filtration through a double 
O.4Sp smillipore filter (Millipore Lid., Mississauga, 
Ontario), distributed in aliquots and frozen at -20°C 
untd tested. 


Coupling of Allergens to Activated Paper Disks 

A hundred cellulose paper disks, (Whatman’s filter 
paper, #54, hardened) cach having 0.5 mm diameter and 
previously activated by reaction with cyanogen 
bromide,” were incubated with 10 mf! of the antigen 
dilution (O.1-1.0mg/ml) for 18 hours at room 
temperature with constant rotation (Fisher roto-rack). 
After coupling. the discs were washed five times with 
20 ml of cold PBS and the unreacted sites blocked with 
OM ethanolamine, pli 9.0, containing 0.5% bovine 
serum albumin, for three hours at room temperature 
with constant rotation. Subsequently the disks were 
washed five times with PBS, blotted dry, lyophitized and 
stored at 4°C until used. 


Assay of Reaginic (IgE) Antibodies 

Phadebas Radioallergosorbent (RAST) kits (Phar- 
macia Laboratorics, Montreal, Quebec) were used to 
determine serum [gE antibodies directed against specific 
food allergens." Radioactivity in the test and control 
tubes was measured using a Gamma Counter (Beckman 
Gamma 300 System, Beckman Instruments Ine., 1117 
California Avenue, Palo Alto, California, U.S.A.). 


Scoring System 


RASF scores (0-4) were based on a serially diluted 
reference scrum supplied by Pharmacia. A score of one 
or greater (=> 1) was considered as pasitive and the 
resuits were compared to those obtained when a RAST 
score of two and above (2 2) was taken as 
Positive, 

A total allergy score was calculated for each child 
by adding the scores for the individual allergens at a 


RAST score > 1. For example, if child A was positive 4 
for sevbean and corn RAST scores of four and two” 


respectively, the foral allergy score would be six. 
Similarly, the number of allergies was calculated for 
cach subject by counting the number of foods to which 


a positive (RAST) reaction was obtained. In the above - 


example the number of allergics for child A would be 
twa, 


Table 1. Age, Sex end Learning Disability or Minimal Brain Ue 


Dysfunction Status in 120 Children Divided into Groups. 


Subjects 
Group Age in Sex Ratlo Learning Minimal Brain 
Years Males Disability Dystunciton 
(Average) Female = Ratin % Ratio % 
Hyperactive 8.53 77/13 64/90 71 39/90 43 
Learning 
Disability © 10.27 14/8 22/22 100 9/22 40 
Emotional- 
Inattentive 10.25 TAt 5/8 63 4/8 50 
23 
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Statistical Methods 

Standard chi-square tests” were used (a) to compare 
the incidence of food allergy among the hyperactive, 
learning disability and emotional-inattentive groups, (b) 
fo assess the association between food allergy and 
clinical evaluation of hyperactivity based on the total 
sample and (c) to compare the proportion of children 
whose parents had a positive allergy history among the 
three groups. 


Table i. Analysis of RAST Results in 120 Children Using 43 
Different Food Allergens. 


Positive Reaction 


Allergens > 4 (RAST score) 2 (RAST score) 

Number of % Number of — % 
Children Children 

odactalbumin 2 2 1 1 
i-lactogtabulin 2 2 2 2 
Whey (hovine milk} 2 2 1 1 
* Eqa white (chicken) 7 6 2 2 
Eqq yolk (chicken) 5 4 3 3 
Salman 3 3 1 1 
Shamp 5 4 1 t 
Beot 32 27 17 14 
Chicken 31 26 19 16 
Pork 26 22 12 10 
Turkey 8 7 2 2 
Peanuts 2 2 2 2 
Soybean 20 17 3 3 
Almonds 6 5 3 3 
Barley WI 9 6 5 
Whole wheat 13 "1 3 3 
Oats 37 3t 17 4 
fye 13 r 8 7 
Lentil 2 2 1 a 
Cautiflower 2 2 1 1 
Garlic 6 if, 1 1 
tow positive? 1 1 1 1 
Negative! 0 0 0 0 


“RAST score of one Whole milk (bovine), casein {bovine milk 5. 
cheese (American cheddar), white fish, lobster, lamb, walout 
peas, pecan, corn, buckwheat, chocolate, cocoa, banana, 
orange 


' Cucumber, tomato, onions, ginger. mint mix, tapioca. bovine 
serum albumin. 


Table Ul. Incidence ot Food Allergy (RAST) in Children in the 
Hyperactive, Learning Disabilities and Emotional-Inattentive 
Groups. 


Positive Reactions 


= 4 (RAST score) = 2 (RAST score) 


Group of Number 
Children of 

Children Ratio "a Ratio a 
Hyperactive 90 42/90 4727/90 31 
Learning 
Disabibties 22 17/22 77 7122 32 
Emotional- 
Inattentive 8 3/8 38 v8 13 


M 


The technique of jackknifing the inverse hyperbolic 
tangent of the Pearson correlation coefficients” was used 
fo test for independence of the number of allergies and 
total allergs score with parents’ or teachers’ ratings for 
hyperactivity alone, hyperactivity combined with 
inattentiveness, and the triad of hyperactivity, 
inattentiveness and conduct problems, Parents’ ralings 
were not available for one child and teachers’ ratings 
were unavailable for 13 children. One subject with 34 
allergics was considered to be an outlier and was 
excluded from the analysis. 


Results 


At a RAST score of 21, allergies were detected 
against most of the 43 food extracts tested (Table 1). 
The number of allergics per child ranged from 0-34. The 
few extracts against which allergies were not found 
included those of cucumber, tomato, onion, ginger, mint, 
tapioca and bovine scrum albumin. 

Using the same RAST score of 21, it was revealed 
that the incidence of allergy among the hyperactive, 
tcarning disability and emotional-inattentive groups of 
children varicd significantly (P<0.05). Thus, a 77% 
incidence of allergy in the learning disability group was 
significantly bigher (P<0.05) than the incidence of 
allergy in’ the hyperactive (477%) and emotional- 
inattentive (38%) groups (Table TH), Also, the average 
number of allergies per group decreased from 1.84 in 
the hyperactive group to 1.77 in the learning disability 
froup, ta OSS in the emotional-inattentive group. 
Similarly, the average total allergy score decreased from 
2.66 in the hyperactive group to 2.32 in the learning 
disalility, group to 1.00 in the emotional-inattentive 
froupy 

At a RAST score of 2 the incidence of allergy in 
the hyperactive group was 31%, in the learning disability 
group 32% and in the emotional-inattentive group $3% 
(Tabic IM). Statistical comparisons between these 
percentages proved that the differences in the incidence 
of allergy among these three groups were not significant 
(P2-0.05) 

A probe to assess the possible genetic influence on the 
high tncidence of allergy observed in’ the learning 
disability group relative to the other two groups disclosed 
that 64% of the children in this group and 50% of those 
in the hyperactive or the emotional-inattentive groups 
had cither parents and/or grandparents with a positive 
history of allergy. However, these differences among 
groups in the incidence of family allergy were not 
statistically significant (P>0.0S). 

Vhe search for the existence of patterns of 
interrelationships between feod allergy and the 
conditions of hyperactivity, learning disabilities or 
minimal brain dysfunction was carricd out using a triple 
approach: 

1. When the parents’ or teachers’ scores (Conners 
Questionnaires) for hyperactivity alone, hyperactivity 
combined with inattentiveness and the triad of 


ANNALS OF ALLERGY 


i 
{ 


FOOD ALLERGY IN CIHEDREN 


hyperactivity, inattentiveness and conduct problems 
were compared with the number of allergics or the totul 
allergy score it was found that Ga) there was a 
statistically significant (P- 0.05) positive correlation 
between the teachers’ scores for hyperactivity and the 
number of allergies (Table 1V), (b) the teachers” scores 
for hyperactivity and. inattentiveness also correktted 
significantly (P--0.05) with the number of allerpies 
(Table IY), (c) parents’ scores for hyperactivity did not 
correlate significantly (P-0.05) with the number of 
allerpies o7 the totab atlerpey scare (Tihle EY), (d) there 
stutistically significant (P+ 0.08) correlation 

the teachers’ scares for hyperactivity and 
inuttentiveness and the total aflery score (Table V) and 
(cp after the group of hyperactive children was further 
subdivided into Che subgroups of learning disability with 
minimal brain dysfunction, learning disability. without 
minimal brain dysfunction, and without learning 
disability or minimal brain dysfunction, a statistically 
ignificamt (P-cO.08) positive correlation was found 
between the ntuunber of allergies and the teachers” scores 
for the subgroup of hyperactive children who atso had 
fearning disability and minimal brain dysfunction (Table 
Vv): . 


Was 


between 


When the number of children with clinically 
Ciagnosable hyperactivity. was compared with their 
respective number of allergies or total allergy score it 
was revealed that (a) there was a weak association 
bepween the presence of clinically diagnosabte 
hyperactivigy and the number of affergies (P- O.051) or 
total allergy score (P.-0.059) (Table VW). (b) The 
incidence of food allergy among children who were not 
Guntcally byperactive was 67% while the incidence 
among those children who were clinically hyper: 
was 48% (Table V1) and fc) the percentage of children 
clinically diagnosable as hyperactive and positive for 


Tale IV. Correlation of Number of Allergies or Total Allergy 


Scare and Conners Rating Scores in the Hyperactive 
Group. 

Number of Allergies Total Allergy Score 
Conners 


No. of Correlation 
Subjects Coefficient 


OQvestionnare No. of Correlation 


Subjects Coefficient 


Parents’ rating 


for hyperactivity 88 -0.09 88 -0.10 
Teachers’ rating 


Jor hyperactivity 77 0.26 (9) 77 0.22 
Teachers’ 

rating tor 

hyoeractivily and 
inventiveness 77 0.22 19) 77 
Teachers’ rating 

for hyperactivity, 
inattentiveness and 
conduct problems V7 


0.17 77 0.14 


ta) Significantly different trom 0 (9 < .05) two-sided test. 
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food allergy increased proportionally with the number 
of allergies or the total allergy score (Figure 1). 

3. When the 120 children in this study were classified 
into groups according to the presence of fearning 
disability or minimal brain dysfunction (based on results 


Yable V. Correlation of Number of Allergies or Total Allergy 
Score and Conners Raling Scores in Hyperactive Children with 
Learning Disabilitios and Minimal Brain Dysfunction. 


Number of Allergies Tota! Allergy Score 


Conners 
Questionnaire No. of Correlation 


Subjects Coefficient 


No. of Correlation 
Subjects Coefficient 


Parents’ rating 
for byperactianly 37 08 37 OS 


Teachers’ rating 
for hyperactivity 31 40° 34 35 


Teachers’ 
rating for 
hyperactivity + 


inattentive 31 40° 31 .37° 
Teachers’ rating 
for hyperactivity 
+ inattentive + 
conduct problems 31 .28° 31 124 


*Significantly different from 0 (p 


< .05) two-sided test. 


Table Vi. The Relationship (Chi-square) Between Clinically 
Evaluated Hyperactivity and Number of Altergies or Total 
Allergy Score. 


Clinically Hyperactive Total Clinically Hyperactive 


Number of Allergy 
Allergies Yes No % Score Yes Na % 
QO 46 10 82 9 46 10 82 
1 10 1 59 1 6 7 46 
2-3 1 4 73 2-3 tt 7 t 
4-5 6 2 75 4-5 7? 3 70 
0 >6 10 3 78 >6 13 3 81 


X'= 9.42 DF. =4 p= .051 x= 9.06 DF.=4 p= .059 


xX = chi-square 
D.F. = degrees of freedom 


p = probability 
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Figure U. Percentage of children clinically evaluated as hyperactive 
in relation to number of allergies and total allergy score, 
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of the neuropsychological assessment and ignoring, the 
presence of hyperactivily or emotional-inattentivenc .s) 
it was shown that the association between the number 
of allergics or total allergy score with the conditions of 
learning disability or minimal brain dysfunction was not 
stalistically significant (P>0.05). 


Discussion 


The results of the RAST studies revealed a high 
incidence of food allergy in the hyperactive, the learning 
disability and the emotional-inattentive children. The 
incidence of food allergy (RAST score 1) in the 
learning disability group was much higher than in the 
hyperactive or cmotional-inattentive groups. [lowever, 
when compared with those of the learning disability and 
cmotionalinattentive groups, the average number of 
allergies and average total allergy score were higher in 
the hyperactive group. In view of this observation and 
considering that at a RAST score of 22 the observed 
differences in the incidence of allergy among the three 
groups were not statistically significant, it was concluded 
that the high incidence of food allergy in the learning 
disabilily group was duc to the presence, in this group, 
of several children with a single (RAST score one) 
allergy. 

Analysis of the presence of allergy in the families of 
afl 120 children included in this study revealed that the 
higher incidence of allergy in the fearning disability 
group relative to. the hyperactive and emetional- 
inattentive groups was nat due to genetic factors but 
possibly due to differences inherent among the three 
groups. This conclusion was based on the finding thar, 
although SO% of the families had a positive history of 
allerpy, there were no significant differences ins the 
incidence of allergy among the families of the 
hyperactive, learning disability and emotional. 
inatlentive pronps of children 

In addition 10 this finding the indication ef the 
existence of a possible relationship between presence and 
extent of food allergy and clinically diagnosabie 
hyperactivity is of potential impertance in the treatment 
of hyperactivity. The results clearly indicated that a 
large number of hyperactive children did) not have 
allergies to the foods tested. In view of the etiological 
complexity of the hyperactivity syndrome it was 
concluded that in these children hyperactivity may be 
duc to factors other than food allergy.2* It is possible 
that a proportion of these children are allergic to 
substances such as pollens, animal dandruff, molds, 
ete.'""! not tested for in the present sindy. OF interest, 
however, is the observation that the proportion (albeit 
small) of children positive for food allergics exhibiting 
clinically diagnosable hyperactivity increased as the 
number of food allergies and the total food allergy scares 
increased (Tigure t). This trend indicated that food 
allergies may have an additive effect. Thus, an individual 
may be only weakly sensitive to a number of foods but 
if he or she happens to consume all or a large number 
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of such foods within a short period of time he or she 
may develop allergic symptoms and possibly: hyper- 
activity. 

A further indication that food allergy may be 
associated with hyperactivity is the existence of a 
statistically significant. positive correlation between the 
teachers’ ratings (Conners) of hyperactivity and‘ the 
number of allergies detected (Table V). This association 
was significant only in- those hyperactive childron who 
also had learning disabilities and minimal brhin 
dysfunction. The latter observation suggests that the 
clfect of food allergy on hyperactivity would be more 
pronounced in’ children who suffer from fearning 
disabilities and minimal brain dysfunction concurrently, 
In studies, currently underway, we are investigating: in 
a double-blind. crossover design the effect on the 
children’s behavioral problems of elimination from thelr 
dict of the foods against which a positive RAST resalt 
was obtained. 
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